Nagasaki together with a cave fish, and it is supposed to belong to a new species and new genus. A specimen of Hoplonemertinea has been collected froin another lava cave on the same island and one more Nemertinea has been obtained from a driven well in the suburb of Tokyo. Archiannelida have been found from wells and caves in Hokkaido, Honshu, Shikoku, Kyushu, and lsI. Tsushima and comprise, at least, two species of Nerillidae. According to Dr.
S. Veno's note, they are rather related to Ihalassochaetus, a marine genus from Kiel Bay, than to Troglochaetus. 
SOME ACCOUNTS ON THE ECOLOGY OF THE JAPANESE GROUNDWATER ANIMALS
As to the ecology of the groundwater animals of Japan, sufficient material for discussion is not available. Therefore, the writer would like to introduce brief notes on their habitats obtained during the collection of materials and the examination of well-waters. A great majority of the aquatic troglobites of Japan have been obtained from wells and some of them occur also in caves, but only a few have been collected from springs, river-beds, and the bottom of deep lakes. Recently, however, a number of specimens have been collected from interstitial media of rivers and lakes as well as seashores. The general features of the wells from which the groundwater animals were obtained are summarised as follows: I) Construction of wells: In Japan, groundwater animals have never been obtained from bored wells deeper than 30 meters. Most of them have been collected from driven wells with a depth of less than 10 meters. Planktonic and nektonic troglobites, such as Cyclopoida, Mackinia, and Gammaridae, etc. occur both from driven and dug wells. However, benthic troglobites, such as Gastropoda, Oligochaeta, and Planariidae, etc. are rarely obtain~d from the pumps of dug wells. Ase//us kawamurai seems to prefer open dug wells. Generally speaking, groundwater allimals available for investigation were rarely obtained from wells with a motor pump.
2) Situation of wells: Groundwater fauna of wells near rivers is much more variable than that of wells further away and from the former various kinds of exogenous animals such as leeches and larvae of aquatic insects, etc. are also obtained occasionally.
3) Bottom materials of wells: Groundwater animals are rare in wells with a rocky bed or sediments of volcanic ashes. Most inhabit wells which have clean sandy sediments mixed with small amounts of organic detritus in alluvial regions. Generally, Hydrachnellae, Ostracoda, Bathynellacea, and NipponaselIus, etc. are the representatives of these types. However, Cyclopoida, Oligochaeta, Ase//us and Mackinia, etc. seem to prefer wells with muddy bottoms containing much organic sediment. It is noteworthy that Ase//us kawamurai seems to prefer open dug wells which have decaying leaves on the bottom. Large types of aquatic Oligochaeta are frequently obtained together with large amounts of their excreta.
4) Water temperature of wells: Water temperature of fifteen riverside wells with depths of 4-5 meters in Hachioji City in Tokyo Pref., where more than thirty species of various groundwater animals were collected, ranged from 21°C to 25°C in August and fell to 9-13°C in January. Most aquatic cavernicoles are known to be cold stenotherms, but the groundwater animals in the Hachioji area were found to be considerably tolerant to thermal fluctuations. 5) Color, turbidity, and odor of well-waters: Mos. of the groundwater animals preferably inhabit clear, colorless, and odorie~s water, however, Mackinia, Cyclopoida, Amphipoda, and Oligochaeta, etc. have been obtained rarely also from opaquely turbid waters. Further, A. kawamurai has been collected in great numbers from unused open dug wells, the water of which has a conspicuous odor of hydrogen sulfide. In many cases, well-waters in which large Oligochaeta live have a fishy smell.
6) pH of well-waters: pH values of all of 521 wells where the groundwater animals were obtained were less than 7.8 and most of them, 455 wells, ranged from 5.7 to 7.0 rather than 7.0-7.8. 7) Chemical properties of well-waters: As to the chemical properties of well-waters in which the groundwater animals occurred, all the results of the examination of chlorine ion, total hardness, KMn0 4 consumption, and total residues were within the limits of drinking water criteria except for those of nitrogen compounds and iron. On the whole, more than 20% of the wells, from which Paludicola, Oligochaeta, Cyclopoida, Asellus, Nipponasellus, Gammaridae, and even Bathynellacea were obtained, were found to be polluted to the extent of being unfit for drinking. 9) Bacteriological quality of well-waters: Because the bacteriological examination of common drinking waters is much more sensitive for organic water pollution than the chemical examination, groundwater animals were obtained regardless of the bacteriological water quality. As to the results of the Coliaerogenes group test, most of the groundwater animals were obtained from wells bacteriologically unfit for drinking. Concerning the bacterial counts, Paludicola, Oligo chaeta, Cyclopoida, Mackinia. Ase/lus, and Pseudocrangonyx, etc. were found to occur also in highly contaminated waters containing more than 5,000 bacteria per I ml of water. According to Japanese drinking water criteria, bacterial counts per I ml of water is limited to be less than 100 and the Coli-aerogenes group must be negative in 50 ml of water. On the whole, greater numbers of groundwater animals were found to occur in clean well-waters at least within the limits of chemical drinking water criteria, however, from the point of bacteriological safety standards, most of the wells from which groundwater animals were obtained are regarded to be unfit for drinking. 10) Population of groundwater animals: In most cases, the population of the groundwater animals obtained from wells was extremely small. However, the writer has obtained more than three hundred individuals of Mackinia from 350 liters of well-water, about one hundred fifty individuals of Ase/lus musashiensis from 300 liters of water, about one hundred individuals of A. miurai from 500 liters of water, and about fifty individuals of A. kawamurai from 200 liters of water. These large populations of groundwater animals were observed only in polluted wells.
HYGIENIC CONSIDERATION ON THE GROUNDWATER ANIMALS OF JAPAN
As the writer has mentioned, to date, more than 190 species of troglobites and about fifty species of troglophiles have been collected from well-waters of Japan. However, none of them are known to be directly detrimental to human health. In this sense groundwater animals may seem to have little bearing to human health problems. However, a number of trogloxenes and various terrestrial animals have also been found in well-waters and some of them appear to be significant iridicators of well-water pollution. Therefore, exact knowledge of their taxonomy and ecology may be necessary to those concerned with the purity of drinking water. All kinds of macroorganisms which occurred in wellwaters in Japan have been provisionally classified into four groups and arranged in Table 3 . Most of the troglobites listed in Group I were collected from well-waters which were clean, at least within :.hi; limit of chemical drinking water criteria, and in most cases their populations were extremely small. Therefore, as their occurrence is rare, they themselves are apt to be overlooked. However, smallness of their population size per se does not assure the safety of drinking water quality; this is particularly so as to bacteriological pollution. Further, some of them listed in Group 2 were occasionally observed to multiply to a great number when the well-water was polluted. This phenomenon has been observed in Ase/lus. Mackinia. Pseudocrangonyx, and Cyclopoida. Their multiplication in well-waters may apparently indicate the pollution of water. A minority of troglobites and a majority of troglophilous or trogloxenous microorganisms are listed as Group 3. They were found to prefer naturally eutrophic environments of well-waters with much organic sediment. Ase/lus kawamurai is the representative of this group. Most of the troglophiles and trogloxenes which directly invaded wells from neighbouring surface waters such as rivers, ponds, and ditches, etc. are listed in Group 4. Their occurrence may suggest the presence of permeable passways through which they could reach the well and indicate a heavily contaminated condition of well-waters. Some of the Tubificidae, Hirudinea and aquatic insects are listed as members of this group.
Furthermore, most of the terrestrial animals shown in the table are commonly distributed in country districts and suburban areas. They live around or inside dug wells and occasionally fall into the water. Therefore, remains or parts of their bodies are occasionally pumped out from wells. Of course, their accidental presence in the well-water has no relation to the water quality. However, they themselves will be an undesirable origin of contamination, and they may imply an unhealthy state and an inco;nplete construction of wells. Earthworms, snails, slugs and Bipalium, etc. occur in wells situated in low and wet environments.
Terrestrial arthropods are often found in crowded circumstances and sometimes invade wells during cold seasons seeking warmer wintering refuges. Furthermore, some species of Collembola, such as Onychiurus fo/soni, are frequently found to swarm on the surface of well-waters.
Thus, a little ecological and taxonomical knowledge of the animals found in well-waters makes it at times possible to detect well-water pollution and to point to its origin.
Microorganisms, such as Algae, Protozoa, and Aschelminthes, etc., may be the most significant and sensitive indicator organisms for water pollution. Unfortunately, knowledge of these is extremely limited in Japan. Only the following is certain. The chlorophilous organisms are originally exogenous to groundwater environments and their presence is indicative of well-water pollution. This fact was carefully investigated by T. Koriyama (1952) , who demonstrated that most of the well-waters which contained Chlorophyceae and chlorophilous Protozoa were not bacteriologically fit for drinking. SUMMARY I) Nearly two hundred species of troglobites are known from the groundwaters of Japan. Most of these troglobiontic species, sixteen of seventy-seven genera, and what is more, four of fortyseven families are endemic to Japan. Uchidastygacaridae, Nipponacaridae, and Kantacaridae are endemic acaridan families of Japan. The coleopterous family, Phreatodytidae, is also endemic to Japan.
2) Though studies on Protozoa, Turbellaria, Annelida, Aschelminthes, and Ostracoda, etc. remain sparse, the interstitial fauna is actively investigated recently and many specimens of Bathynel:acea, lngolfiella. Bogidiella. Mierocerberus. Pseudo vermis (Opisthobranchia), and Nerillidae, etc. have been collected from freshwater and marine environments.
3) None of the troglobites is known to be directly detrimental to human health and most of them have been collected from well-waters which are regarded as chemically clean in many cases, but they have also been obtained occasionally from bacteriologically contaminated well-waters. 4) Ecological and taxonomic knowledge, of even the limited amount which we possess at present, has enabled us to utilize various animals which occur in well-waters as biological indicators of well-water pollution and to have some insight as to the origin of the pollution.
